The funding of international nuclear risk mitigation is ad hoc, voluntary, and unpredictable, offering no transparent explanation of who is financially responsible for the task or why. Among many non-nuclear-armed states, this exacerbates a sense of injustice surrounding what they see as a discriminatory nuclear regime. The resulting erosion of the regime's legitimacy undermines support for efforts to prevent nuclear weapons dissemination and terrorism. This article proposes a transparent, equitable ''nuclear-user-pays'' system as a logical means of reversing this trend. This system envisions states contributing financially to international efforts to mitigate nuclear risks at a level relative to the degree of nuclear risks created by each state. ''National nuclear risk factors'' would be calculated by tabulating the risks associated with each state's civilian and military nuclear activities, as well as advanced dual-use and nuclear-capable missile activities, multiplying the severity of each risk by the probability of it occurring, and combining these results. A nuclear-user-pays model would create financial incentives for national and corporate nuclear risk mitigation, boost legitimacy and support for nuclear control efforts among non-nucleararmed states, assist in preventing nuclear weapons dissemination and terrorism, and advance nuclear disarmament by helping progressively devalue nuclear weapons.
nuclear control efforts are funded in an ad hoc manner, with little consideration or acknowledgment of the sources of risks that are being mitigated. In this context, nonnuclear and developing states are being asked (or obliged) in what is perceived as an unjust, arbitrary fashion to help fund the mitigation of risks that other countries have created*almost two-thirds of them developed countries. 4 Despite their objections to the various justice issues outlined here, nuclear nations must face the reality that current perceptions of injustice undermine political will for essential nuclear control efforts that require broad, collective support if they are to succeed. This article proposes a ''nuclear-user-pays'' model as a logical, transparent, and equitable means of addressing deficiencies in the current ill-defined funding system for nuclear control efforts. The user-pays model is based on the premise that a just system would see states take financial responsibility for the mitigation of the nuclear risks they create. Conversely, demanding that all states increase their financial support for nuclear control efforts exacerbates nuclear injustice. It ignores the fact that nuclear risks are created by a minority of countries yet endured by all, while the direct financial and technological benefits of nuclear risk-generating activities accrue only to those engaged in them. A nuclear-user-pays model would apportion financial responsibility for nuclear control efforts based on the degree to which each state created nuclear risks requiring international mitigation.
The user-pays concept is not new. Responsibility for the consequences of one's actions is a core tenet underpinning contemporary neoliberal economic models. Thus, a nuclear-user-pays system simply emphasizes the norm of financial accountability that developed states champion. It has analogues in national and international ''polluter pays'' models and climate change mitigation schemes and in domestic cases such as the ''sin taxes'' that the United States levies on risk-attracting activities like the consumption of alcohol or cigarettes. 5 Nevertheless, applying a user-pays model to nuclear risk mitigation would be highly controversial. It would require a leap forward in international*and corporate*nuclear transparency and accountability and would face complex political and technical questions. For example, how would nuclear risk be assessed, using what criteria, and with what weighting for these criteria? Who would oversee the funds generated, and how would they enforce payment of dues? How would this authority determine expenditure priorities? Finally, how would the system balance the benefits of greater transparency against the risk of publishing dissemination-sensitive information? 6 While such issues present serious challenges, their resolution lies far beyond the scope of this article. The intention here is to identify deficiencies in the current system for funding nuclear control efforts, and to expand the boundaries of thinking about how this system can be made more transparent and equitable, and therefore, more effective. The nuclearuser-pays model does exactly that.
The Nuclear Problem
Nuclear activities create inherent security risks. Threats arising from military nuclear activities include, among other things, the further dissemination or use of nuclear weapons*including limited or full-scale nuclear war, whether accidental, miscalculated, or intentional*and nuclear or radiological accidents or terrorism, which in extreme cases may lead to nuclear war. 7 In the civilian sector, the 1986 Chernobyl and 2011 Fukushima disasters demonstrated that severe nuclear accidents might also threaten international security. Today, nuclear risks are increasing due to a range of factors: the threat of further nuclear dissemination, the development of a nuclear arms race in South Asia, the growth of dual-use industries and strategic trade flows, and the potential horizontal and vertical expansion of nuclear energy programs. The nature of these risks transcends national borders. As a result, nuclear risks cannot be addressed effectively by a single powerful state, or even a coalition of committed states. The weakest link in the chain undermines the security of all countries, so maintaining international security requires all countries to support nuclear control efforts. In this context, international society faces a challenging question: who should pay for nuclear control efforts? Is it fair to expect non-nuclear states (particularly developing ones), facing the potentially catastrophic effects of other nations' nuclear activities, to help pay for the mitigation of risks they did not create? From a justice perspective, this is acceptable on a voluntary basis; contributions to the Group of Eight Global Partnership and the International Atomic Energy Agency (IAEA) Nuclear Security Fund are good examples. However, non-nuclear states are increasingly being expected*or obliged*to pay for the mitigation of nuclear risks. UN Security Council Resolution 1540, for example, obliges states to take ''appropriate effective'' measures to prevent nuclear (and chemical and biological) dissemination and terrorism. The significant variation in support for and implementation of Resolution 1540 demonstrates both a lack of capacity and political will for its implementation among many developing nations and a broader resentment of what is seen as an arbitrary, ''one size fits all'' approach to international security. 8 Proponents of nuclear deterrence argue that nuclear weapons maintain international peace and stability, thereby generating global benefits. The strategic and riskrelated aspects of this argument are addressed further below. From a justice perspective, a key failing of such nuclear optimism is that it ignores that some nations may disagree entirely. During the Cold War, New Zealand Prime Minister David Lange argued, ''To compel an ally to accept nuclear weapons against the wishes of that ally is to take the moral position of totalitarianism, which allows for no self-determination, and which is exactly the evil that we are supposed to be fighting against.'' 9 Similarly, to oblige any nation that eschews nuclear weapons and energy to pay to mitigate the catastrophic risks they cause is neither just nor equitable and is therefore likely to be politically counterproductive. Nevertheless, Stanford University political scientist Scott D. Sagan adopts a similar logic in calling for universal funding increases to the IAEA, arguing that since all states benefit from nuclear non-dissemination efforts, all should pay more to support them. 10 He objects to a proposal for states to ''pay more into the IAEA Safeguards budget in proportion to the number and kinds of facilities they have on their soil that are subject to inspection.'' 11 A justice-based critique of this proposal would highlight that it ignores the dissemination risks arising from military nuclear programs. Sagan's objection, however, is that the proposal ''places the financial burden only on the state that benefits from the nuclear power plant or fuel facility in question and ignores that the nonproliferation benefits of the safeguards are shared by all states.'' 12 It is certainly true that all states benefit from nuclear non-dissemination efforts and that IAEA safeguards are an essential aspect of these. However, when viewed through a justice lens, Sagan's argument neglects several crucial points. First, as noted above, nuclear risks are created by few states yet endured by all*while the direct benefits arising from risk-generating activities are enjoyed only by those engaged in them. Why, then, should all states pay to mitigate the risks? Second, different states produce different levels of nuclear risk. Therefore, taxing them arbitrarily (or at least, without reference to a transparent, equitable model), reinforces nuclear injustice, undermining the legitimacy of, and support for, nuclear control efforts. Third, the widespread perception that nuclear-armed states are not pursuing their disarmament obligations in good faith has long been a key factor underlying many other states' reluctance to support greater nuclear security and nondissemination efforts. This perception may have shifted slightly in response to President Barack Obama's recent pursuit of a more balanced disarmament and non-dissemination agenda. 13 Nevertheless, any such progress is offset by extensive nuclear weapons modernization and upgrade programs that are under way in all nuclear-armed states.
14 In this context, to add further responsibilities, financial or otherwise, to the nondissemination obligations that non-nuclear and non-nuclear-armed states already face exacerbates the strong sense of injustice surrounding the nature and implementation of the ''disarmament for non-dissemination'' NPT bargain. The response to Sagan from former Sri Lankan diplomat and UN undersecretary general for disarmament affairs Jayantha Dhanapala was telling in these regards: ''An inherently discriminatory treaty cannot be strengthened by further discrimination.'' 15 An additional injustice entrenched in the nuclear disarmament and non-dissemination regime is the lack of a mechanism to ensure that corporations take financial responsibility for the mitigation of the transnational nuclear risks they create. Capitalism presumes that those who take the risks should reap the rewards. What credible capitalist can argue that those who reap the rewards should not bear financial responsibility for the associated risks? A double inequity is apparent here. First, the profits that private nuclear operators accrue are often supported by significant taxpayer subsidies or loan guarantees. 16 Second, having profited from public support, corporations often deflect financial responsibility for mitigating the risks inherent in their operations back on to the state, and therefore, its citizens. A nuclear-user-pays system would provide states with material incentives to legislate for the financial responsibility of corporations in helping to mitigate the nuclear risks they create.
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Toward a Nuclear-User-Pays System
An equitable funding system for nuclear control efforts must account for and distinguish between ''primary'' and ''secondary'' nuclear risks on one hand, and ''tertiary'' security risks on the other. Primary risks are defined as those that relate directly to nuclear activities, whether civilian or military. This includes, at a minimum, the size, type, and deployment status of states' nuclear arsenals; fissile material production infrastructure and stockpiles; the prominence of nuclear weapons in national security strategies; the operation or export of energy-producing and research reactors; fuel cycle activities and/or trade, including mining, milling, conversion, enrichment, fuel fabrication, and reprocessing; and nuclear isotope production and/or trade. 18 ''Secondary'' nuclear risks are those arising from significant engagement in advanced dual-use or nuclear-capable missile activities.
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''Tertiary'' security risks are defined as those created by factors such as weak legal and regulatory frameworks or border security, which can increase the likelihood of a country being exploited by non-state actors seeking to smuggle nuclear weapons or materials. From a justice perspective, it is necessary to distinguish this type of risk from those arising from primary and secondary sources because the existence of the key problem relates to the latter two. Arms Control Association analyst Peter Crail, for example, calls states presenting tertiary risks ''transit states'' and notes they pose a risk ''particularly if the measures to prevent the acquisition of relevant materials fail in primary origin states.'' 20 The simple fact is that there would be no nuclear risk to mitigate, and therefore no increased tertiary security costs to states, if not for states' nuclear activities. The first step toward creating a nuclear-user-pays system would be to assemble a Nuclear Risk Advisory Board (NRAB), most likely under the auspices of the United Nations. This would be a broadly representative group of civilian and military nuclear, international security, and risk-analysis experts from both nuclear and non-nuclear states. The NRAB would first create an exhaustive list of each state's civilian and military nuclear, advanced dual-use, and nuclear-capable missile activities and facilities. 21 It would then assess the type of risk associated with each activity and determine the resulting ''nuclear risk indicator'' by multiplying the severity of each risk by the probability of it occurring. 22 Calculations of risk probability would take into account existing physical, technical, and human safety and security features, as well as the strength of national border security and trade management systems, depending on the case. 23 Each country's overall nuclear risk indicator would be calculated by combining the risk indicators associated with all its primary and secondary nuclear risk activities. By adding together the risk indicators of all countries, then dividing each country's indicator by this total, the portion of all nuclear-related international security risks that a country generated*its ''national nuclear risk factor''*would be calculated. This would determine how to equitably spread financial responsibility for international nuclear control efforts; that is to say, relative to the degree to which each state created risks requiring mitigation. The principles governing contributions from developing countries to the UN regular budget could also be considered here. In terms of funding disarmament, a nuclear-user-pays model*supported by the precedent embedded in the Chemical Weapons Convention*would see nuclear-armed states and their allies financing the dismantlement, and international verification of dismantlement, of their nuclear arsenals and associated facilities. 24 As noted previously, Defining Nuclear Risks
As noted above, the calculation of nuclear risk levels will be highly controversial. Nuclear optimists argue that nuclear deterrence maintains international peace and security, providing benefits to all states. An extrapolation of this argument would suggest that nuclear deterrence policies should result in nuclear-armed states incurring reduced financial responsibilities under a user-pays system for nuclear risk mitigation. In fact, closer examination of relevant factors would suggest the opposite, for several reasons. First, in the post-9/11 world, there is more contention than ever as to whether nuclear weapons are net producers of security. For example, many former ''Cold Warriors'' have renounced nuclear weapons in light of changes in the global risk landscape. 26 The issue of nuclear terrorism is key here; many analysts believe this to be the most likely contemporary source of nuclear weapons use. 27 Some also see it as a potential trigger mechanism for full-scale nuclear war. 28 Second, many analysts argue that the maintenance of nuclear weapons is among the key drivers of nuclear dissemination, while the vast majority of international relations scholars and practitioners agree that dissemination reduces international security. 29 Thus, nuclear deterrence, which features prominently in justifications for maintenance of these weapons, again attracts a high nuclear risk factor. A point of contention, of course, is the argument that extended nuclear deterrence helps dissuade US allies from developing nuclear weapons. Leaving aside a possible empirical objection to this point, it is difficult to argue that extended deterrence has similarly dissuaded North Korea or Iran. 30 A third reason that nuclear deterrence creates a high nuclear risk factor is that nuclear threats suffer from a lack of credibility. 31 This results, among other things, from a lack of demonstrated willingness since 1945 to carry out nuclear threats and from the fact that there can be no presumption of such willingness, since carrying out nuclear threats would be highly irrational in the absence of a strong assumption that escalation could be prevented. 32 Even key nuclear optimists such as international relations theorist Kenneth Waltz do not claim that nuclear deterrence eliminates the risk of major war, but rather that this risk ''approaches zero'' under nuclear deterrence. 33 It is worth remembering that nuclear deterrence has failed to deter conventional attacks on two occasions: the 1973 Yom Kippur War and the 1982 Falklands War. 34 Other rationalist assumptions also lead to a high nuclear risk factor being attributed to nuclear deterrence. Brookings Institution foreign policy analyst Michael O'Hanlon points out that because realists see great power conflict as unavoidable and nuclear disarmament as impossible, realist premises reinforce the conclusion that given sufficient time, nuclear war becomes almost inevitable under a nuclear deterrence regime. 35 Indeed, probability modeling demonstrates that unless the risk of nuclear war reduces at a constant rate, it does eventually become inevitable. 36 While not denying this specific point, international relations scholar and former Department of Defense official Joseph Nye argues that a failure of nuclear deterrence does not necessarily entail ''the apocalyptic conclusions that are often drawn from it.'' 37 He also critiques probability-based analyses for assuming constant probabilities (as in the repeated-toss-of-a-coin analogy), independence of events, and a static political environment. 38 Stanford University professor emeritus (engineering) Martin Hellman has demonstrated that it is possible to avoid these pitfalls, and is calling for the US government to conduct rigorous risk-analyses of nuclear deterrence failure. 39 Precedents for work of this nature exist in recent quantitative risk analyses of nuclear proliferation and nuclear terrorism. 40 Similarly, Los Alamos and Lawrence Livermore National Laboratories have conducted risk analyses for various portions of the US nuclear program. 41 Hellman notes that while such estimates are difficult because they might depend on calculating probabilities of events that have never occurred, they are made possible through the use of fault or event ''trees.'' In this approach, ''the failure rates of small events (e.g., the failure of a cooling pump or a backup system) and conditional probabilities are combined to produce an overall failure rate for the much rarer catastrophic event that results when a critical subset of those partial failures occurs.'' 42 Ultimately, regardless of disagreements about the likelihood of deterrence failure, it is relatively uncontroversial to say that even a partial failure of deterrence leading to a ''limited'' nuclear war would have a devastating impact on human, ecological and economic systems around the world. 43 Therefore, in the context of the nuclear-user-pays model proposed here, the severity of the risk associated with nuclear deterrence, even if multiplied by a relatively low probability, will necessarily result in a very high nuclear risk factor.
Benefits of a Nuclear-User-Pays System
A nuclear-user-pays framework would have a range of political and international security benefits. First, NRAB deliberations would serve as a springboard for more comprehensive consideration of the complex challenges facing humanity as it pursues the elimination of nuclear weapons and seeks to mitigate the risks associated with a potential ''nuclear renaissance.'' Second, a robust assessment of the risks of nuclear weapons dissemination and use associated with nuclear deterrence failure would help to progressively devalue nuclear weapons. Third, the transparent, responsive nature of NRAB proposals means they would enjoy broader legitimacy and support than current arbitrary funding approaches to nuclear control efforts. Fourth, a user-pays system would introduce a new norm to the nuclear regime: financial accountability. This is already a robust norm in developed countries; linking this widely held norm with nuclear non-dissemination and disarmament will only strengthen the latter. 44 Additionally, requiring developed nuclear nations to practice the financial accountability they preach would help create a perception of equity and justice in the nuclear control regime. Fifth, user-pays accountability would give states material incentives to legislate for the financial responsibility of nuclear corporations in the mitigation of nuclear risks, resulting in more stringent nuclear control efforts from the nuclear industry. Finally, under a nuclear-user-pays system, nuclear states would have increased financial incentives to adopt higher national standards of nuclear disarmament, non-dissemination, security, and safety. The resulting improvements in trade and border security would produce benefits in other areas of international concern, such as preventing, detecting, and dealing with transnational crime.
Possible Critiques of a Nuclear-User-Pays System
It is possible to imagine a scenario in which the NRAB, based on agreed user-pays parameters, concludes that nuclear-armed states, which currently fund the bulk of international nuclear control efforts, actually pay more than their fair share in this regard. Critics might argue that this would lead to resentment and reduced political will within nuclear-armed states for the funding of nuclear control efforts. In fact, this hypothetical scenario reinforces the value of a user-pays model, as it would provide nuclear-armed states with empirical evidence to justify and legitimize their demands for increased financial contributions from other nuclear states.
One of the more challenging technical aspects facing negotiation of a nuclear-userpays system is the complex, interdependent relationship between nuclear and climatebased risks. Nuclear proponents argue that expanded use of nuclear energy can reduce carbon emissions and thus help to mitigate anthropogenic climate change. However, as physicists Robert Socolow and Alexander Glaser point out, to make a meaningful contribution in this regard, nuclear energy use would need to expand at such a rate that, absent significant progress in disarmament and multilateralization of the nuclear fuel cycle within the next decade, the resultant nuclear risks would far outweigh the concomitant climatic benefits. 45 Focusing on the economic factors constraining such rapid nuclear expansion, disarmament expert Trevor Findlay and researcher Justin Alger arrive at a similar conclusion: ''Without major policy shifts in the immediate future nuclear energy's impact on carbon mitigation . . . will not just be minimal, it will be virtually unnoticeable.'' 46 At any rate, models for comparing climate-related and nuclear risks already exist and could be applied by the NRAB in its deliberations. 47 
Conclusion
The challenge of funding essential nuclear control efforts demands creative, gamechanging solutions that break with past patterns of entrenched nuclear injustice and bolster political will for cooperation among all nations. A nuclear-user-pays system offers a logical, equitable means of paying for efforts to mitigate transnational nuclear risks. This system would transparently apportion financial responsibility for nuclear control efforts to states relative to the degree of nuclear-related risk each state generates. In doing so, it would create incentives for nuclear states to legislate for the responsibility of private nuclear entities in helping to finance nuclear control efforts. This nuanced, responsive model of nuclear risk mitigation would boost the legitimacy of nuclear control efforts among non-nuclear nations and create incentives among nuclear nations for the advancement of nuclear disarmament, non-dissemination, security, and safety.
